The spectra of toluene, xylene, monochloro-ando-dichlorobenzene,bromobenzene, iodobenzene and pyridine are briefly described, and the shifts relative to benzene are discussed. T?wo Rydberg series were observed for toluene, converging to a first ionization potential of 8-77 ± 0-05 V.
The ultra-violet absorption spectrum of benzene a t wave-lengths less than 2100 A may conveniently be divided into three regions. The first of these (plate 1) is a diffuse absorption region of maximum about 1980 A. The absorption (which has loge~ 4-0 (Morton & Stubbs 1940) ) is considerably stronger than th at of the wellknown 2600 A region (log e ~ 2*5 (Morton & Stubbs 1940) ). The second is an extremely strong region of Amax about 1790 A. So strong is this region th at in absorption curves the 1980A region usually only appears as a weak, long wave-length, 'step o u t' of the 1790 A peak. The 1790 A peak itself consists of several sharp bands overlaid by a continuous hump of absorption: this continuous background can be well seen on the accompanying plate 1. The third region of absorption lies below 1600 A. Here a series of strong, narrow, bands of the familiar Rydberg type occurs. These have been shown by Price & Wood (1935) to fit into two Rydberg series and to converge to the first ionization potential of 9* 19 V (around 1350 A). Beyond 1350 A other strong bands occur which are thought to be the first resonance bands leading to the second ionization potential of benzene: from them the latter can be estimated as 11-7 ± 0-3 V.
Benzene has six rr electrons, and of the three orbitals which they usually occupy in pairs, it is known that four electrons (orbitals y2 and y3) fall in the same energy level, this level being thus doubly degenerate. In terms of the parameter /?, which is the resonance integral for the n electrons of the double bond, corresponds to an energy level of binding energy -2(3 and y2>3 to a leve electronic configuration may thus be written N-Xv *2,3* [ 22 ] Anti-bonding orbitals %4, y5, y6 correspond to the bonding orbitals Xi and lying a t the same energy level. Mulliken (1939) has shown from the electronic selection rules for a molecule of the high symmetry of benzene th at transitions from the ground state to all the possible excited states are forbidden with the exception of th at to the Vx xE Xu state. Mulliken (1939) has calculated the intensity of this allowed transition. He assigns the transition to the whole of the 2000 to 1600 A region. Although he suggests th at a Rydberg transition may possibly overlie the short wave-length part of this region, he is inclined to regard the whole spectrum from 2000 to 1600 A as predominantly non-Rydberg in type and to identify it with the xElu transition. He points out th at the alteration in symmetry in the upper state, according to a theorem of Jah n & Teller (1937) , would cause the degenerate state xEXu to split into two nondegenerate states and might lead to a rather slight subdivision of the spectrum into two parts: hence the 1790 and 1980 A regions might arise.
We think it probable, from the separation of the 1790 and 1980 A regions shown by our photographs of the 2000 to 1600 A region, th at at least two electronic tran sitions are concerned here, one being responsible for the strong 1790 A absorption and one for the weaker absorption of maximum around 1980 A. The subsidiary step out is also present in the spectra of toluene, xylene, pyridine, monochlorobenzene and o-dichlorobenzene; but it is interesting to note th at it is absent in phenyl ethylene, phenyl acetylene, phenyl cyanide and benzaldehyde, th at is, whenever a side chain is conjugated with the ring.
The fact that the 1780 A region is probably in type is indicated by the appearance of a closely similar region in cyclohexene (Price & Tutte 1940) : the two n electrons of cyclohexene have binding energy -/? just as have the benzene y2 3 electrons. I t is certain th at the sharp bands of the 1790 A region represent a Rydberg transition. Reference to the paper of Price & Wood (1935) shows th at the system fits their series II resonably well when one remembers the disturbance expected for such a low Rydberg orbital of a large molecule. The calculated and observed frequencies are: voX 3s 55,860cm.-1; ycalc 57,547cm.-1. But the strongest grounds for this interpretation are that the sharp 1790 A band has accompanying it vibration frequencies ~ 700 and 970 cm.-1, i.e. a vibrational pattern identical with th a t accompanying the other members of series II.* There can thus be no reasonable doubt of the association of the sharp 1790 A bands with the Rydberg series II. This assignment is in agreement with the interpretations suggested by Goeppert-Mayer & Sklar (1938) and by Nordheim, Sponer & Teller (1940) , though these authors did not give the vibrational evidence. Nordheim et al. (1940) suggest the forbidden transition N ->VX xB lu for the region and identify the sharp 1790 A bands both as the xE lu transition and as the first member of the Rydberg series II of Price & Wood. This contrasts with Mulliken's interpretation of the 1790 A continuous absorption as the allowed transition, the sharp bands being Rydberg bands accidentally superimposed upon the continuum. Nordheim et al. suggest th at the continuous bac low-pressure 1790 A band is due to another transition, namely, th at of a C-H bonding electron to an antibonding repulsive state involving a C-H dissociation. They show that a repulsive state E u~ can be constructed by s in the different C-H bonds with appropriate phases; and th at if one C-H distance (r) is increased, the superimposed amplitudes change until, for great r values, the excitation is localized in th at C-H bond which is to be broken.
The explanation is probably not quite so simple as Nordheim et al. suggest. If the excitation is simply th at of a C-H bonding electron, a similar absorption region might be expected to appear in cyclohexane. However, there is no such region in cyclohexane, and it seems more likely th at the primary excitation is th at of a electron to the stable Vx 1Elu state, but th at some of the excitation energy is im mediately transferred (e.g. by internal collision) to a C-H bonding electron, exciting it to a repulsive energy curve leading to dissociation of a C-H bond. If this is so, it would explain why the maxima of the 1Elu transition and of the 1790 A continuous absorption coincide. We believe that processes of this kind are common in the absorption spectra of polyatomic molecules, e.g. photo-dissociation of R 1R2CO into Rx R2 + CO arises from the initial excitation of the non-bonding electrons, transfer of the energy by internal collision to the C-C bonding electrons then occurring.
In toluene the continuous absorption becomes stronger relative to the sharp first Rydberg bands. In xylene the Rydberg bands seem to have lost all their in tensity to the continuous absorption. This supports the hypothesis put forward in the preceding paragraphs, since increase of alkyl substitution means increased possibilities of C-H dissociation and of collision of the excited tt electrons with C-H bonding electrons.
A similar explanation might apply to ethylene. Here the continuous absorption in the longest wave-length region is of about the same order of intensity as the Rydberg bands. With increase of alkyl substitution it becomes more intense than the Rydberg bands. This is explicable on the basis of a C-H dissociation. Since ethane has no corresponding absorption, the primary excitation must be regarded as th at of a t te lectron, switching over into excitation of a C-H bonding electron to a repulsive state as a result of an electron impact process. This explanation modifies to some extent the usual assignment of the first continuous absorption of the ethylenes to a simple N -> V transition. Of course the spatial distrib electron in the V orbital (being to a considerable extent located on the side of the carbon atoms remote from the C-C bonds) is especially favourable to this type of internal electron collision.
The first ionization potential of 9T9V found by Price & Wood corresponds to the removal of a y2,3 electron and the second (11 • 7 V) to the removal of a electron. Electron impact values have been given by Hustrulid, Kusch & Tate (1938) for the first and second ionization potentials of benzene: they are 9-8+ 0T and 17*2+ 1-0 V respectively. The value of 9-8 V is to be compared with the earlier electron impact values of 9-6 V given by Boucher (1922) and 9-5 V given by Friedlander & Kallman (1932) . The value 17-2 V can hardly be the second ionization potential of benzene-it is much too far above the 9-8 V first limit to correspond to the separation of the Xi and y2 3 levels. The separation of the leve /3~T9 V. Several other ionization potentials (e.g. of the cr C-C electrons and the C-H electrons) should lie between 9-8 and 17-2 V.
Ultra-violet spectra of benzene derivatives. I
T h e s p e c t r a o f t o l u e n e a n d x y l e n e (P l a t e 1)
The spectrum of toluene is essentially similar to th at of benzene except that it is shifted some 3300 cm.-1 to long wave-lengths relative to benzene. It is noticeable, however, th at the Rydberg bands are much less intense than in benzene: their intensity seems to have passed into the peak of absorption lying at 1830 A in toluene (1790 A in benzene).
The phenomenon is similar to that occurring with the alkyl-substituted ethylenes relative to ethylene, and a possible explanation has been suggested above.
As for benzene, two Rydberg series were found, but owing to the low intensity of the bands the series do not contain as many members as do those found for benzene. Tables 1 and 2 
The tables show also the shifts of the bands relative to benzene. The two series converge to approximately the same limit: 8-77 + 0-05 This is supported by an electron impact value of 8-5 + 0-5 V (Groot & Penning 1933) . As in the case of benzene, the first peak superimposed upon the strong region of continuous absorption (at 1830 A) is probably the first ( n -2) member of series (2). Obse frequencies for this are 54,640 and 53,622 cm.-1 respectively.
The shift of the spectrum to the red and the lowered ionization potential relative to benzene are probably due to three causes: (1) transfer of negative charge from the methyl group into the ring, (2) hyperconjugation, (3) polarizability of the methyl group, i.e. the group acts as a small element of dielectric reducing all electro static forces and potentials in its neighbourhood. Some discussion of these factors is given below after our description of the monochlorobenzene spectrum.
The spectrum of xylene (a commercial specimen, presumably a 1:4:1 mixture of o : m :p) is practically the same as that of toluene, except th at it is shifted still further to long wave-lengths relative to benzene and th at the Rydberg bands have lost practically all their intensity. The peak of absorption now lies at about 1890 A. From this the first ionization potential of xylene may be estimated as ~ 8*3 V. g t h e o b s e r v e d a n d c a l c u l a t e d f r e q u e n c i e s o f t h T h e s p e c t r a o f h a l o g e n o b e n z e n e s (P l a t e s 2 a n d 3)
T a b l e s s h o w in
Monochlorobenzene (plate 2). The spectrum of monochlorobenzene is very similar to th at of benzene except that it is shifted to long wave-lengths. As in xylene, the Rydberg bands of benzene do not appear: all their intensity seems to have gone into the peak of absorption which has its maximum at about 1870 A. Bands probably analogous to the benzene 1980 A system occur at about 2150 A on the long wave length side of this peak; and the usual ultra-violet system around 2600 A can just be seen on the left of the photograph. The 2600 A bands are much weaker than those at 2150 A . From the position of the 1870 A peak the first ionization potential of the tt electrons of the benzene ring of monochlorobenzene may be estimated as slightly less than that of toluene (8*77 V). This is to be compared with the analogous oase of chloroprene and isoprene, wfiere the ionization potentials have been deter mined as 8-79 and 8-81Y respectively (Price & Walsh 1940) .
There is a strong band in the spectrum at about 1460 A. It seems probable th at this is analogous to the 'D ' bands of the alkyl halides (Price 1936). The fact th at it lies to shorter wave-lengths than in ethyl and propyl chlorides (1465 and 1475 A respectively) indicates that the chlorine atom bears a smaller negative charge in monochlorobenzene than in those alkyl chlorides. Similar bands near 1460 A occur in the spectra of chloroprene (Price & Walsh 1940) 
and the chloroethylenes (Walsh

I945)-
The shift of the monochlorobenzene spectrum to long wave-lengths and the reduction of the first 7 ti onization potential relative to benzene may b in relation to several other important and related effects: (1) the CC1 distance is shortened relative to the CC1 distances found in the alkyl halides (Brockway & Palmer 1937) , (2) further substituents are directed mainly into the o-p positions, (3) substitution reactions are generally slower than those of benzene (Bird & Ingold 1938) . All these properties may be discussed in terms of (a) an inductive effect, and (6) resonance between the forms Ultra-violet spectra of benzene derivatives. I Cl C1+ C1+ C1+ Effect (b) may be subdivided into four parts: (I) the actual state of the molecule bears more negative charge upon the ring than would otherwise be the case; (II) the actual state has more double bond CC1 character than would otherwise be the case;' (III) there is a raising (relative to benzene) of the ground energy level (y2 3) of the least strongly bound n electrons; and (IV) there is a resonance energy and the actual molecule is more stable than any of the forms shown above.
The shortening of CC1 distance has usually been interpreted in terms of effect (b) (II), but this is not the only effect at work. Elsewhere (Walsh 1947) we have pointed out th at there is an enhanced electro-negativity of a carbon atom on the side remote from the multiple bonds. The latter effect probably plays an important, if not a major, part in shortening the CC1 bond.
The long wave-length spectroscopic shift is to be interpreted mainly in terms of effects (b)(1) and (6)'(III). I t will also be affected according as the binding of the 0-C1 electrons is greater than or less than th at of the electrons of -the greater this binding the less the binding of the ring ts electrons, for there exists a balance between the binding of the < r electrons and the polarizability of the n electron (Walsh 1947) on the carbon atom concerned and hence of the molecular tt orbital con structed from the constituent atomic 2 pz orbitals. The sign of the (j) Cl dipole (< f) +C1~) shows th at the long wa (j) Cl spectrum relative to benzene cannot be due to an inductive effect. In other words, the spectrum provides important evidence th at conjugation of the ring n electrons with the chlorine 2pn electrons is occurring. The resonance effect is not one that occurs solely on the approach of another molecule.
The sign of the dipole means th at the inductive effect predominates over effect (b) (I), as far as actual magnitude of moments are concerned. We wish, however, to stress that the inductive effect is a short range effect. The decrease in ionization potential of the halogen electrons in CHaZ on passing to CH3. CH2X is much less than the decrease on passing from HX to CH3X. We therefore expect the inductive effect to be largely concentrated on the ring C atom nearest to the Cl. There will be a smaller effect on the o atoms, but probably very little effect on the and none on the p atoms. Relative to saturated compounds, the effect will be exerted through a longer chain of atoms in conjugated molecules because of the higher polarizability of conjugated bonds; but Denbigh (1940) finds the longitudinal polarizability of a Carom.'Caromi bond to be 22-5/18-8 times th at of a Callp-Callp bond, i.e. an increase of only 25 %. In any case there will be a continuous decrease (not an alternation) of the effect as we pass farther from the polarizing centre. This decrease means that the postulate of Ri & Eyring (1940) th at the inductive effect causes equal charges on all six carbon atoms cannot be correct.
Pauling (1940) describes the inductive effect as resulting from resonance between ionic structures including but it seems to us that this formulation confuses the distinction between inductive and resonance effects, neglecting the short-range nature of the former and sug gesting an alternating nature.
In comparison with the inductive effect, the resonance effect may be long-range. This means that the orientation property, relating in part to the p position, must be explained in terms of the resonance effect. In conjunction with the foregoing, it also means th at large changes in ionization potential of conjugated systems cannot be attributed to inductive effects, but may be explained in terms of resonance. A corollary from this is that the reduced ionization potential of toluene relative to benzene must be explained largely in terms of hyperconjugation (see Mulliken 1942), th at is, resonance involving the non-localization of the electrons in the CII3 group, rather than exclusively of inductive effect. We think, in contrast to Pauling (1940) , the o-p orientation of toluene is to be explained similarly rather than solely in terms of an inductive effect.
The reduced reactivity has probably a more complex explanation than any of the others. A number of factors may be listed which, among others, will affect the reactivity. In the first place, if the substituting agent is a positive ion (e.g. NO^), then the dipole in ^ Cl will tend to cause collision between the ion and the Cl rather than between the ion and the ring. In the second place, increase in electronic density in the ring will facilitate reaction with a cationoid reagent. The greater the ring electronic density, the easier it is for the transition complex that must precede reaction to form. Thirdly, the greater the number of resonance structures possible in such a complex the greater the ease of reaction. (Such transition state resonance is greatest for the o-p positions.) Fourthly, effect (6) (IV)-the stabilization due to resonance-will lower the reactivity. Fifthly, reactivity to substituting agents will + also be determined by the CH bond strength. Sixthly, the polarizability of the tt electrons may be important.
Whether or no a benzene derivative shows increased or reduced reactivity relative to benzene thus depends upon the resultant of a number of effects. Toluene shows enhanced reactivity, probably largely because the hyper conjugation and inductive effects both increase the ring negative charge. Monochlorobenzene shows reduced reactivity, probably partly because of the first of the above factors and because of the inductive and resonance-stabilization effects, offset by the effect (b) (I).
o-Dichlorobenzene (plate 2). In o-dichlorobenzene the absorption peak at 1790 A in benzene and at 1830 A in monochlorobenzene is at about 1900 A. Accordingly, the first ionization potential of the n electrons of the ring is probably further depressed: it may be estimated as ~8*3V. The depression is presumably due to resonance to further ionic structures made possible by the extra chlorine atom. The strong band identified in monochlorobenzene as analogous to the alkyl chloride 'D ' band here occurs at slightly shorter wave-lengths (1450A) than in mono chlorobenzene.
In monochlorobenzene there is a tendency for the ' step-out ' on the long wave length side of the absorption peak to become more pronounced and to separate from the peak. The most noticeable feature of the o-dichlorobenzene spectrum is th at this separation has become practically complete, a short region of transparency occurring around 2100 to 1950 A. The maximum of the longer wave-length absorption is at about 2160 A. On the long wave-length side of the maximum one or two very diffuse bands are visible. Similar bands are to be seen in the corresponding regions of benzene and monochlorobenzene. It seems probable th at conjugation of a sub stituent with the benzene ring causes the benzene 2000 A region to move farther to long wave-lengths than the 1790 A (first Rydberg) band, so separating the two transitions. In monochlorobenzene, where the lone pair chlorine electrons conjugate with the benzene-ring electrons, this separation is seen just beginning. In o-dichlorobenzene the increased resonance causes the separation to proceed a stage further. In benzaldehyde (Walsh 1946) , phenyl cyanide, phenyl ethylene and phenyl acety lene (see following paper), the extra conjugation is such th at the two regions are com pletely separated. The much greater shift of the benzene 1980 A region to long wave lengths with increasing conjugation (compared with the 1790 and 2600 A regions) should be an important confirmatory clue to the identification of each transition.
In the photograph (plate 2), the usual near ultra-violet absorption can be seen around 2700 A. Very diffuse bands, probably due to the chlorine electrons, can be seen to the short wave-length side of 1350 A.
Monobromo-and monoiodobenzene (plate 3). In monobromo-and monoiodobenzene the absorption is essentially as in monochlorobenzene exce_pt th at the bands due to the non-bonding pn halogen electrons are more prominent tha chloro compound, since iodine and bromine absorb at longer wave-lengths than chlorine: this is due to their greater atomic volumes and their consequently greater ease of excitation.
In monoiodobenzene the first region of absorption on our photographs occurs around 2250 A. We think it partly analogous to the benzene 1980 A region, since it seems to bear a resemblance to the system around 2150 A in chlorobenzene. I t probably also includes analogues of the so-called ' B ' bands of methyl iodide (Price 1936) . The second region, around 2050 A, corresponds to the 'C ' bands of methyl iodide (Price 1936) and isopropyl iodide (Walsh, unpublished work). The bands around 1700 to 1750 A probably include analogues of the 'D ' bands of the alkyl halides. A peak of absorption which is*probably analogous to the benzene 1790 A peak occurs at about 1890 A. It is noticeably weaker than the bands at 1700 to 1750 A, and roughly comparable in intensity with the systems around 2250 and 2050 A.
In monobromobenzene the 'B ' bands occur between 2000 and 2100A, the 'C ' bands at about 1970 A and the 'D ' band is at about 1600 A. The analogue of the benzene 1790A peak is at about 1870A: it is rather stronger than the bromine absorption. Comparatively weak absorption around 2120 A possibly corresponds to the benzene 1980 A system.
The spectrum of the n electrons in the benzene ring is thus shifted to long wave lengths in monobromobenzene and monoiodobenzene relative to monochlorobenzene. This is presumably due to a decreased inductive effect in the two former molecules, this more than compensating for the fact that the resonance effect is greater with chlorine than with bromine than with iodine (Bird & Ingold 1938) .
T he spectrum oe pyridine (Plate 3)
Pyridine gives a spectrum very similar to th at of benzene and its simple deri vatives, but at rather shorter wave-lengths. There is the usual main peak of absorp tion (maximum ~ 1700 A), and on the long wave-length side of this there is the usual 'step-out ' (2000 to 1800 A). The shift to short wave-lengths relative to benzene supports Pauling's explanation of the fact that pyridine substitutes in the /? position (Pauling 1940) . The nitrogen atom attracts electrons from the ring, these electrons coming mainly from the a and y carbon atoms according to the resonance forms Justification for the partial negative charge on the nitrogen atom lies in the con siderable basic character of pyridine, while the short wave-length spectroscopic shift provides evidence of reduced electronic density in the rest of the ring.
From the shift of the main absorption peak relative to benzene, the first ionization potential of the n electrons in pyridine may be estimated as ~ 0-5 V higher than th at of benzene (9-19 V), i.e. ^9-7V . An electron impact value of 9*8 +0-2 V has been given by Hustrulid, Kusch & Tate (1938) . The 1700 A peak is to be identified with the allowed N -*■ transition, the upper V state being coupled with a C-H repulsive curve as in benzene. Mulliken (1939) has pointed out th at in pyridine the analogues of the benzene forbidden transition N -> 1B 2u and N -> 1B lu are no longer forbidden and may be considered as normal N -> V transitions. In accord with this the near ultra-violet spectrum of pyridine near 2600 A is about thirty times as intense as the otherwise very similar 2600 A region in benzene (N ->1B iu).The 2000 to 1800 A region, however, does not s be much stronger than in benzene: but it is difficult to compare the intensities from our photographs.
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